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Abstract: 

             Biological fouling has caused a lot of concern in marine industries due to the attachment 

of microorganisms including bacteria, algae, and diatoms on a marine surface to create a biofilm. 

Biofouling causes negative impacts on the marine industry such as an increase in weights of hulls, 

low speed, and high fuel consumption. In the recent past, nanoparticles have attracted a lot of 

attention in the fields of material science, chemistry, and biology owing to their rare biological 

properties. Silver nanoparticles (AgNPs) have been long known for its strong toxicity against a 

wide range of microorganisms. Herein, we synthesized the AgNPs via a green synthesis approach 

known for its benefits such as one-pot, inexpensive, and eco-friendly; by using Illicium verum 

(IV) extract as a demoting and sustaining agent. Further, characterization tests of obtained AgNPs-

IV were investigated including Ultraviolet-visible spectroscopy (UV-Vis), Fourier-transform 

infrared spectroscopy (FTIR), X-Ray Diffraction (XRD), Scanning electron microscopy (SEM), 

Transmission electron microscopy (TEM) and Atomic force microscopy (AFM). The UV-Vis 

result confirmed the AgNPs-IV formation with its surface Plasmon resonance peak. FTIR was 

tested to investigate the bio-functional groups liable for the AgNPs-IV synthesis. XRD peaks also 

meet with the standard of AgNPs (JCPDS: 41-1402). SEM, TEM, and AFM analysis of AgNPs-

IV showed the hexagonal structure with 14.56 nm mean size. The cell growth of diatom on 5th day 

with blank sample suspension was 2.308 (Cell 105 number/mL), while for AgNPs-IV sample 

suspension was 0.19 (Cell 105 number/mL). The green synthesized AgNPs-IV showed excellent 

antidiatom activity against Paeodactylum Tricornutum (P. Tricornutum) marine diatom. 
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1. Introduction 
Biological fouling is the accumulation 

of algae, plants, and microorganisms on 

marine surfaces immersed in seawater. 

Antifouling is the ability of specifically 

designed materials to prevent biofouling by 

various numbers of microorganisms such as 

algae, fungi, and diatoms. Development of 

eco-friendly and facile green synthesis of 

metallic nanoparticles (having size < 100 

nm) has attained huge attention in recent 

days due to their ample areas of biological 

applications including antibacterial, 

diagnostics, and drug delivery systems [1-

3]. Metallic nanoparticles possess chemical 

and physical properties including a surface 

area to volume ratio and exhibit strong 

antibacterial property [4-5]. Among the 

others, silver has received extreme 

importance due to its strong toxicity against 

microorganisms. Currently, silver 

nanoparticles (AgNPs) are considered as 

rich particles with their applications in 

various areas including antimicrobial and 

antioxidant properties [6-8]. There are 

several approaches to AgNPs synthesis 

such as thermal decomposition, microwave 

irradiation, electrochemical, and biological. 

Among them, the biological method has 

many benefits such as simple, less cost, and 

eco-friendly for large scale applications that 

do not use toxic chemicals, high 

temperature, and pressure [9]. Interestingly, 

AgNPs can be synthesized by using 

enzymes, proteins, microorganisms, and 

plant materials. Plant extract synthesis is 

considered as an efficient approach than 

chemical and microbial synthesis because 

plant works as demoting and sustaining 

agent in the preparation of AgNPs and the 

particles formed are more stable with 

different shapes and sizes. Herein, we have 

used northeast Vietnam and southwest 

China evergreen tree plant fruit Illicium 

verum, also known as “Chinese star anise” 

as a demoting and sustaining agent. Star 

anise has been used in China for flavoring 

and medicine purposes for over three 

thousand years. It has been widely used in 

the medicines system and contains the 

principal constituent Anethole which 

possesses antiviral, antibacterial, 

antifungal, and antioxidant activity. 

 

In this study, the AgNPs-IV synthesized 

via a green approach using an extract of IV 

as a demoting and sustaining agent. The as-

prepared AgNPs-IV were characterized by 

different techniques such as UV-Vis, FTIR, 

XRD, SEM-EDX, TEM, and AFM. 

Furthermore, this is the first report of 

AgNPs-IV and its antidiatom activity against 

marine diatom P. tricornutum in the marine 

environment. 

 
Fig. 1. (a) Blank and (b) P. tricornutum diatom 

growth solution 

2. Materials and Method 

2.1. Materials 

The fresh plant Illicium verum (IV) fruit 

was obtained from the local market of 

Harbin, China, and grinded in powder form. 

The silver nitrate (AgNO3) and ethanol 

(C2H6O) were received from Tianjing 

Chemical Co., China. Distilled water was 

used to wash the equipment and later dried 

in the oven. Materials used in the synthesis 

process were of analytical grade. 

2.2. Preparation of Plant extract 

0.5 g of IV powder was weighted and 

dissolved with 400 ml of Milli-Q water and 

then the solution was boiled at 60°C for 20 

min to obtain its aqueous extract. After 

cooling at room temperature the IV extract 

was filtered via Whatman No.1 and stored 

in the refrigerator at 4°C for further 

experimental study. 

 

2.3. Biosynthesis of AgNPs-IV with 

Illicium verum extract 

For the green synthesis of AgNPs-IV, the 

solution of 1 molarity was obtained by 

dissolving weighed amount of AgNO3 in 

400 ml of distilled (DI) water under 
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sonication. Then the as-prepared 80 ml of 

extract IV was added in AgNO3 aqueous 

solution drop by drop for reduction of Ag+ 

into Ag0 under the continuous magnetic 

stirring. The mixed solution was placed in a 

dark environment for 24 hrs to minimize the 

photoactivation of AgNO3. After the 

successful synthesis of the AgNPs-IV 

solution, AgNPs-IV was centrifuged and 

washed two times for 15 min at 8000 rpm 

with DI water. Later, the as-obtained 

AgNPs-IV was placed in a vacuum oven 

overnight at 60°C and collected for further 

characterization and antidiatom activity. 

2.4. Characterization 

The absorption spectrum of the synthesized 

AgNPs-IV was investigated by UV-Vis 

spectrophotometer TU-1901 dual-beam in 

the range of 200-800 nm. FTIR analysis 

was carried out using a Perkin Elmer 

spectrum 100 FTIR spectrometer in the 

wave number range of 4000-500 cm-1 to 

identify the chemical constituents liable for 

the successful preparation of AgNPs-IV. 

XRD pattern was examined to check the 

nature of the as-obtained samples by using 

Rigaku TTR at 40 kV and 150 mA within 

2θ area between 10-90° with intensity Cu-

Ka radiation (λ=0.15406 nm). The 

morphology of as-obtained AgNPs-IV was 

viewed by the SEM instrument (JOEL, 

JSM-6480A) operated at a 20KV of the 

driving voltage. Element and composition 

analysis of the powdered AgNPs-IV was 

conducted using a JEOL’s EDX detector 

attached to the SEM machine. The size of 

as-obtained AgNPs-IV was observed by 

TEM using an FEI TECHNI G2 instrument. 

The topography of AgNPs-IV was 

investigated by AFM using a Keysight 

equipment Model 5500. The average mean 

size of nanoparticles was measured by 

Nano Measurer Software. 

2.5. Antidiatom Analysis 

The algae P. Tricornutum were 

examined for the anti-diatom test to check 

the antifouling performance of AgNPs-IV. 

The algal stock solution of P. Tricornutum 

was received from Xiamen University- 

CCMA and it was growth in F/2 medium 

with a 12/12 light, dark cycle of fluorescent 

illumination at 2000 lux and growth sample 

solutions were shaken daily twice a day. 

Blank sample and green synthesized 

AgNPs-IV (5mL) solution was poured in 

the algal solution at the bottom of the 

aquarium with at least 1×105 algal cells per 

mL and blank substrate was placed in both 

beakers to confirm the morphology of 

surface after 5 days’ immersion, later the 

beakers were placed in an incubator [10]. 

The diatom settling assay of blank and 

AgNPs-IV samples was recorded on an 

Optical microscope. 

 

 
Fig. 2. Schematic route of AgNPs formation 

using plant extract of illicium verum (IV). 

3. Results and discussion 

The successful synthesis of AgNPs-IV was 

observed on UV-Vis spectrum through the 

color formation. The color of the 

AgNO3/Illicium verum extract mixture 

turned from light to dark brown indicates 

the successful formation of AgNPs-IV. The 

dark brown color appeared due to the 

excitation of surface plasmon resonance 

(SPR) effect. Further, the formation of the 

AgNPs-IV was observed by the SPR 

absorption band at 425 nm in the UV–Vis 

region as depicted in Fig. 3 [11].  

 

Further, AgNPs-IV were characterized by 

FTIR spectra to analyze the functional 

groups liable for demoting and sustaining of 

Ag nanoparticles as depicted in Fig. 4. The 

FTIR spectrum shows different main peaks 

at 581, 1118, 1634, 2357, and 3459 cm-1. 

The peak appeared in the spectrum at 1634 

cm-1 clearly shows the stretching vibration 

of C=O and indicating the formation of 
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AgNPs-IV and capped with the 

biofunctional groups [12]. The peak at 2357 

cm-1 and 1157 cm-1 represents the O-H and 

C-O stretching. The peak at 581 cm-1 

indicates the existence of alkaloids. The 

peak at 3459 cm-1 was assigned to NH 

stretching vibration of amide group and 

aromatic rings [13]. 

 

 
Fig. 3. UV-Vis Spectrum of AgNPs-IV. 

 

 

 
Fig. 4. FTIR Spectrum of AgNPs-IV. 

The XRD pattern of AgNPs-IV is displayed 

in Fig. 5. Several different diffraction peaks 

were observed at 2θ of approximately 

35.89°, 37.04°, 51.68°, 55.07°, 59.13°, 

67.52° and 76.08° corresponding to 

reflections from the (004), (101), (104), 

(006), (105), (112) and (008) 

crystallographic planes of AgNPs-IV, 

respectively, and confirming the hexagonal 

structure of silver (JCPDS, No. 41-1402) 

[14,15].  

 
Fig. 5. XRD Pattern of AgNPs-IV. 

The morphology of the as-obtained AgNPs-

IV was observed by SEM as shown in Fig. 

6(a). It was seen that the larger particles are 

also formed with smaller particles which 

indicates the aggregation in Ag particles 

and the evaporation of solvent while 

sampling preparation [16]. The EDX 

spectrum of AgNPs-IV showed strong 

signal at 3 keV [17]. In Fig. 6(b), the peak 

for Cl was observed due to the presence of 

plant extract, while the peak of Cu was due 

to the carbon grid that was used during 

sample preparation. 

 

The morphology and size of the AgNPs-IV 

were examined by TEM and AFM. The 

obtained TEM result illustrated that silver 

nanoparticles are readily oxidized due to the 

functional compounds present in the plant 

extract and successfully formed with 

hexagonal in shape as depicted in Fig. 7(a) 

[18-19]. In Fig. 7(b), the measured average 

mean size of nanoparticles was 14.56 nm 

obtained through Nano Measurer software 

using the TEM image. The dark shades on 

the surface of nanoparticles revealed the 

presence of plant extract. The AFM image 

in Fig. 7(c) showed that the particles are 

formed with little aggregation and marked 

lines showing the line size of particles at 

different positions. The particle size curve 

was obtained through NanoScope Analysis 

software as shown in Fig. 7(d). The AFM 

analysis has similarities with the TEM and 

SEM results. 
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Fig 6. Scanning electron microscopy image of AgNPs-IV (a), EDX Spectrum of AgNPs-IV (b). 

 

 

 
Fig. 7. Transmission electron microscopy image at 200 nm (a), particle size distribution through 

TEM image (b), atomic force microscopy image (c), and Particle size obtained through AFM image 

(d) of AgNPs-I

1 

Diatoms are microscopic algae that grow on 

manmade surfaces present in the seawater. 

Biofouling develops due to the attachment 

of diatoms, bacteria, and other 

microorganisms on the surfaces in 

seawater. The anti-settling test of diatom 

was analyzed to check the antifouling 

performance of the blank sample and 

AgNPs-IV. Therefore, herein, the P. 

tricornutum diatom was tested to check the 

biofouling attachemnt. The inhibition 

growth effect of AgNPs-IV was observed in 

the P. tricornutum suspension [10]. From 

the anti-settling analysis, it was seen that 



Lakhan M.N (et al.), Illicium verum as a green source for synthesis of silver nanoparticles and investigation of 

their antidiatom activity against Paeodactylum Tricornutum diatom         (pp. 23 -30)     

        SJET | ISSN: 2616-7069 | Vol. 3 | No. 1 | © 2020 Sukkur IBA University                                                                                                              

28 

the more algae cells were found on a blank 

sample, while AgNPs IV surface was 

attached with the no algae cells after 5 days’ 

immersion as shown in Fig. 8(a-d). The 

diatom attachment was checked in 

suspension sample by an optical 

microscope attached with the cell count 

chamber haemocytometer. Fig. 9 showed 

the cell number of diatoms in the P. 

tricornutum suspension on day 1 and after 

cultivation for 5 days. The absorbance of 

diatoms was less for AgNPs-IV sample, 

which was observed on Uv-Vis 

spectroscopy at 600 nm in algae solution, 

while for blank samples; its absorbance was 

almost the same after five days’ period.  

 

 
Fig. 8. Antidiatom activity of blank sample on  (a) day 1, (c) day 5, and AgNPs-IV 5ml sample on 

(b) day 1 and (d) day 5. 

 
Fig. 9. The cell number of diatoms (P. tricornutum) in the solutions with blank and AgNPs-IV 

samples. Each point is the average of three readings
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4. Conclusion 
In this article, we presented a green route 

for the synthesis of the silver nanoparticles 

from Illicium verum extract. The amount of 

plant extract plays a vital role in the 

preparation of well-dispersed and small size 

nanoparticles and also acts as a reducing 

and stabilizing agent. The method 

employed here is one-pot, simple, 

inexpensive, and eco-friendly. The results 

confirm the uniform formation of small size 

nanoparticles with a hexagonal shape. The 

green synthesized AgNPs-IV showed 

excellent antidiatom activity against 

Paeodactylum Tricornutum diatom. In this 

regard, we can affirm that the AgNPs 

prepared by the green approach could be a 

potential tool in the near future to combat 

biofouling on manmade surfaces in 

seawater. 
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